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Numerical Modeling of a High-Temperature Heat Pump in the
Context of CO2 Capture

Abstract

In the current context of energy transition, CO2 capture technologies are part of the solutions to
help reduce greenhouse gas emissions and global warming. The main challenge accompanying these
technologies is their energy consumption. Therefore, this thesis investigates the technical feasibility
of integrating a high-temperature heat pump into a CO2 capture pilot project to reduce its energy
consumption.

First, a comprehensive review of heat pump technologies and their previous integrations into CO2

capture processes is presented. Then, the heat sources available from the cooling requirements of the
CO2 capture process are explored, considering two cases: a single-evaporator heat pump connected
to the process’s cooling circuit and a two-evaporator heat pump utilizing the high-temperature CO2-
water mixture exiting the stripper.

A complete theoretical model is developed, particularly for the compressor, to simulate the perfor-
mance and energy consumption of different heat pump configurations based on operating conditions.
The results show a potential reduction in energy demand, demonstrating the feasibility and benefits
of this integration. For the first case study, the optimal configuration allows a 54% reduction in en-
ergy consumption. For the second case study, two configurations achieved similar results, allowing
a reduction of 59% and 60% in initial energy consumption. The simulation results of the system’s
behavior under variable load demonstrate that, depending on the pilot’s needs, it would be appro-
priate to size the compressors for lower power than the nominal power. An additional analysis is
then conducted where the capture process itself is modified. The analysis of reducing the pressure
in the stripper shows that the best performance is obtained at a pressure of 1.25 bar, allowing a 65%
reduction compared to the initial process.


